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PART 5: PHARMACEUTICAL MANUFACTURING 




Figure 45-10. Rotary granulator and sifter (courtesy, Vector/Colton). 

Solutions of the binding agent are added to the mixed pow- 
ders with stirring. The powder mass is wetted with the binding 
solution until the mass has the consistency of damp snow or 
brown sugar. If the granulation is over-wetted, the granules 
will be hard, requiring considerable pressure to form the 
tablets, and the resultant tablets may have a mottled appear- 
ance. If the powder mixture is not wetted sufficiently, the re- 
sulting granules will be too soa, breaking down during lubrica- 
tion and causing difficulty during compression. 

The wet granulation is forced through a 6- or 8-mesh screen. 
Small batches can be forced through by hand using a manual 
screen. For larger quantities, one of several comminuting mills 
suitable for wet screening can be used. These include the Stokes 
oscillator, Colton rotary granulator, Fitzpatrick comminuting 
mill, or Stokes tornado mill. See Figure 45-10. In comminuting 
mills the granulation is forced through the sieving device by ro- 
tating hammers, knives, or oscillating bars. Most high-speed 
mixers are equipped with a chopper blade that operates inde- 
pendently of the main mixing blades and can replace the wet 
milling step, ie, can obviate the need for a separate, operation. 

For tablet formulations in which continuous production is 
justified, extruders such as the Reitz extruder have been 
adapted for the wet-granulation process. The extruder consists 
of a screw mixer with a chamber where the powder is mixed 
with the binding agent, and the wet mass gradually is forced 
through a perforated screen, forming threads of the wet granu- 
lation. The granulation then is dried by conventional methods. 
A semiautomatic, continuous process using the Reitz extruder 
has been described for the preparation of the antacid tablet 
Gelusil (Warner-Lambert /Pfizer). 

Moist material from the wet milling step traditionally was 
placed on large sheets of paper on shallow wire trays and placed 
in drying cabinets with a circulating air current and thermo- 
static heat control. See Figure 45-11. While tray drying was the 
most widely used method of drying tablet granulations in the 
past, fluid-bed drying is now considered the standard. In drying 
tablet granulation by fluidization, the material is suspended 
and agitated in a warm air stream while the granulation is 
maintained in motion. Drying tests comparing the fluidized bed 



and a tray dryer for a number of tablet granulations in<li< :«<4 
that the former was 15 times faster than the convenl i.m.il 
method of tray drying. In addition to the decreased drying lim,:. 
the fluidization method is claimed to have other advuiii i,;. « 
such as better control of drying temperatures, decreased li.m 
dling costs, and the opportunity to blend lubricants and nilim' 
materials into the dry granulation directly in the fiuidizol l.wf 
See Figure 45-12." 

The application of microwave drying and infrared drynii; in 
tablet granulations has been reported as successful for mm.! 
granulations tried. These methods readily lend themselv.-.i i<i 
continuous granulation operations. The study of drying m.-uV 
ods for tablet granulations led to the development of the Umw- 
dryer system by Ciba/Novartis pharmacists and engineers. Thi! 
dryer is similar in appearance to the cone blender except I'm t lir> 
heating jacket and vacuum connections. By excluding ox.vi;.ni 
and using the lower drying temperatures made possible by 'by 
ing in a vacuum, opportunities for degradation of the ini;<v«li 
ents during the drying cycle are minimized. A greater iinif'm 
mity of residual moisture content is achieved because of lint 
moving bed, controlled temperature, and controlled time pci i.,,i 
of the drying cycle. Particle-size distribution can be controlled 
by varying the speed of rotation and drying temperature ns wnll 
as by comminuting the granulation to the desired granule aim 
after drying. 

In drying granulations it is desirable to maintain a resi.lu.il 
amount of moisture in the granulation. This is necessary lit 

maintain the various granulation ingredients, such as gu : 

in a hydrated state. Also, the residual moisture'contribut.s <„ 
the reduction of the static electric charges on the particle:;.. In 
the selection of any drying process, aneffortis made to obtain ii 
uniform moisture content. In addition to the important:" "I 
moisture content of the granulation in its handling during 1 1 ••■ 
manufacturing steps, the stability of the products contain...,! 
moisture-sensitive active ingredients may be related to tin- 
moisture content of the products. 

Previously it was indicated that water-soluble colorants . m„ 
migrate toward the surface of the granulation during the drying 
process, resulting in mottled tablets after compression. This >■•■■ 
also true for water-soluble drug substances, resulting in tabl. i 
unsatisfactory as to content uniformity. Migration can bo in- 
duced by drying the granulation slowly at low temperatures m 
using a granulation in which the major diluent is present ••>.. 
granules of large particle size. The presence of microcrystalli.if 
cell ulose in wet granulations also reduces migration tendenci"-._ 
""""After drying, the granulation is reduced in particle size by 
passing it through a smaller-mesh screen. Following iliv 
screening, the granule size tends to be more uniform. For iliy 
granulations the screen size to be selected depends on tin- <li 
ameter of the punch. The following sizes are suggested: 
Tablets up to K« inch diameter, use 20-mesh 
Tablets 'A, to K. inch, use 16-mesh 
Tablets "A, to 'Hi inch, use 14-mesh 
Tablets X. inch and larger, use 12-mesh 

*Tor small amounts of granulation, hand screens may be um-il 
and the material passed through with the aid of a stainless sU.vl 
spatula. With larger quantities, any of the comminuting mill.. 




Figure 45-11. Cross-section of tray dryer. 



